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The most widely used method of producing ions from neutral molecules in 

the ion source of a mass speckrometer or ionization gauge has been electron 

bombardment. 

the thermionic emitter. 

snllrce srF~ing prihcipally from the imvoidabk heat- effect of the hot 

filament. 

ionizing electrons. 

previously in papers presented at the Eighth.Annua,l A-E14 Meeting, 

Atlantic City, New Jersey, and the Eleventh Annual KTM-E-14 Meeting, &XI 

Francisco, California, 19637'8. The results of subsequent investigations 

into cold electron sources, for mass spectrometric application,form the basis 

of this report. 

The electron source generally found in mass spechameters is 

There are certain difficulties associated w i t h  this . 

These difficulties can be eliminaw by utilizing a cold source of 

Cold electron source devices hve-been.described 

. 

The cold electron source chosen for consideration during this phase of 

the study was the resistance-strip .electron rn~dtiplier~'~, activated by 

electrons from a photocathode orradio-active beta-ray emitting material. 

This multiplier has previously found application as an ion detector in mass 

- .  

spectrometers and, as such, operates with very low level output currents. 

inas; spectrometric ionization application, however, the source should be 
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capable of producing e lec t ron  current  s u f f i c i e n t  t o  ion ize  gas molecules. 

An add i t iona l  requirement would be that the  device be capable of exposure 

t o  t h e  atmosphere without undue damage. 

t o  i nves t iga t e  t h e  f e a s i b i l i t y  of using the resistance s t r i p  myl t ip le r  as 

a cold e l ec t ron  mass spectrometric ion source. 

Therefore, t h i s  study w a s  dzsigned 

The r e s i s t a n c e - s t r i p  mul t ip l i e r  u t i l i z e s  e l ec t ron  generat ion i n  crossrd 

e l e c t r o s t a t i c  and magnetic f i e l d s .  

dynode, zs compared t o  conventional mu l t ip l i e r s  trhicli use a l s r g e  nm?xr  

of  individual  dynodes. The basic  r e s i s t a n c e - s t r i p  e i d t i p l i e r ,  shmm i n  

Figure i, cons i s t s  02 two plane parallel r e s i s t i v e  su;-faces. 

zze o r d i n a r i l y  msde of a semiconducting coat ing appl ied t o  an iysaattzz 

base, bu t  may be wholly semiconducting material of t h e  proper vo1m.e 

r ? - i s t i v i t y .  

<+r;ensions.  

i -c72t ive  t o  the dynode s t r i p  at  any given poin t .  Thus the  eguiZJotential 

c= 1-e pare1131 t=, each o ther  and slanted i n  the  d i r e c t i o n  E:ZOTT 5:: k k  Z:: _ -  -, 

213 e n t i r e  s t r u c t u r e  i s  placed i n  a uniform magnetic f i e ld  t!-i-.t i s  corrz! 

’,o th  e l e c t r o s t a t i c  f i e l d .  

ayy poin t  w i l l  descr ibe a cycloidal  pa th  whose i n i t i a l  d i r e c t i o n  i s  

dzternined by t5e equ ipo ten t i a l  a t  i t s  poin t  o r  o r i g i n .  

the dynode s t r ip  with an impact energy correspcnding t o  the  d i f fe rence  i n  

p o t e n t i a l  be’;..;nen i t s  po in t s  of or ig in  ar.d i q z c t .  

m u l t i p l i e r  t h i s  emrgy  w i l l  be la rge  encugh t o  give a seccr-2Z.r.1-y em.iasion m t r o  

g r e a t e r  than uni ty .  

i t s  poin t  of i r q r c t .  

The device possesses one continuous 

‘Eiese sur faces  

Equal p o t e n t i a l  gradients  are es tab l i shed  along t?eir long 

The t r u e  p o t e n t i a l  of t h e  f i e l d  stri9 i s  n-l’lC,iired pos i t i ve  

An e lec t ron  released from t5e dynode s t r i p  a’; 

It w i l l  r e tu rn  t o  

I n  8 rXpCrl;T d e s i s e d  

Thus t h e  e lec t ron  w i l l  release more thsn 023 e lec t ron  et 

This process, continued along t h e  s t r i p  ~ ’ i y  times, 



permits electron current amplification. The total gain in electron current 

along the strip will be a function of the field strengths and the length of 

the dynode. 

An investigation of several secondary emissive surfaces as possible 

resistance strip materials, indicated that tin oxide, deposited over a 

titanium dioxide coated glass strip, was the most suitable material. 

oxide possessed a high secondary emission yield and was very stable on exposure 

to the atmosphere when compared to the other films, which included silver- 

magnesium (Ag-Mg ) and beryllium-copper (Be-Cu) . 

The tin 

Insufficient resistivity of 

dynefie ~ i n f a ~ e ~  r a h a n  i r c i n m  Be-22 A n - I n r r  ~+'Cfin+<.r-l-- -1 4 - 4 - - + - 2  +h,-.-- , ..L.U/A .ALPA.&4B % L - 5 ,  b I I L L U I V L A J  L A U I I A C + U b U  U L A G S C  

films for resistance strip use. 

evaporating,in vacuo, a 500 to 1000 a thick layer of titanium onto a very 
clean glass strip. The titanium is oxidized in air to a measured resistance 

in the range of 10 to 20 megohms. 

of the strip by evaporating a heavy layer of gold or silver-mangar-ese, 

employing xasks to prevent coverage of the entire strip. 

1000 $! thick coating of tin is deposited, in vacuo, onto the strip, followed 

by total oxidation of the tin, in air, at ,500' to 600' C. 

f i c i i  , t r i D s  were titanium dioxide strips of 50 to 100 megohms resistance. 

An electoimgnetic multiplier vas used to determine the magnetic field 

The dynodes were prepared by initially 

Electrical contacts are placed on each end 

Finally a ?Oc! to 

The multiplier 

strength needed for operation with multiplier dynode voltages of 1000 to 1500 

volts. 

our particular multiplier configuration. 

assembled based on these findings. The use of permanent magnets greatly 

reduced the size and weight of the multiplier and eliminated the heating 

This field strength was found to be between 180 and 200 gauss, for 

Permanent magnet multipliers were 
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e f f e c t s  an6 poc'er coiisililllstion of the e l e c  tromgnet . 
These mul t ip l i e r s  were shown t o  be capable of maximum e lec t ron  emission 

cur ren ts  i n  excess of  30 microamperes, with opera t iona l  output  cur ren ts  of 

0.5 t o  3.0 microamperes. Normal input cur ren ts  7:ere 1 t o  3 nanoamperes, 

using a photocathode under u l t r a v i o l e t  i r r a d i a t i o n  from a hydrogen arc-lamp. 

A Pm147 beta-ray source, used i n  place of  the photocathode, permitted outputs  

of over 5 microamperes. Figure 2 shows a typ ica l  mu l t ip l i e r  gain curve 

using the Pm147 ac t iva t ing  electron source. 

up t o  lo5 were read i ly  obtainable.  

Overall mul t ip l i e r  ga ins  of 

The gain of the mul t ip l i e r s ,  when evaluated i n  gain-decay s tudies ,  

decreased rap id ly  i n i t i a l l y ,  reaching a p la teau  where the r a t e  of  gain decay 

approached zero i n  a feIr hours. The output cur ren t  a t  t h i s  p la teau  was s t i l l  

s u f f i c i e n t  f o r  ion iza t ion  purposes. I n  operation, t he  dynode gain would be 

allowed t o  c'zcay u n t i l  t he  plateau region w a s  reached, before beginning 

analyses;  t h i s  would be analogous t o  conditioning a thermionic emitter, p r i o r  

t o  use. 

The l i fe t ime of the  mul t ip l ie rs ,  defined as the  t i m e  required f o r  the 

output cur ren t  t o  decay t o  one-half i t s  i n i t i a l  value,  vas a funct ion of  the 

output  cur ren t  l e v e l  and the  atmosphere i n  which it 7 7 8 s  operated.  I n  an  o i l -  

d i f fus ion  pumped vacuum system, the l i fe t ime a t  1.0 microampere output  w a s  

less than one-fourth t h a t  obtained when thz  output was 0.5 microampere. I n  

an ion g e t t e r  pumped vacuuri system, the  l i f e t i m e  vas s i g n i f i c a n t l y  increased 

because of  t he  c leanl iness  of the system. The mul t ip l i e r  output cur ren t ,  as 

a funct ion of time, fo r  the  ion g e t t e r  pumped system, i s  shown i n  Figw-3 3 .  

The d i scon t inu i t i e s  occurred when the m u l t i p l i e r  was turned o f f  over n ight  
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and restarted the next morning. 

to the output of the previous day. 

The output, as can be seen, quickly returned 

In a l l  cases, however, the dynode resistance decreased to less than 25 

percent of the original resistance. This resistance decrease vas attributed 

to carbonaceous deposits caused by the interaction of the electron beam with 

surface contaminants and trapped molecules in the metal film. The resistance 

would stabilize out at this lower value of resistance, with little or no 

further decrease, after 6 to 8 hours of operation. 

Although the lifetTme was greatly extended when the multipiier vas 

operated in the ion getter pumped vacuum system, the dynodes were prepared in 

an oil-diffusion pumped vacuum system. 

the substrate and in the film during deposition. It is not possible, therefore, 

to obtain a surface completely free from hydrocarbons, even vhen operating 

in a "clean" vacuum system. However, since the multiplier lifetime was 

directly related to the atmosphere in vhich it was operated, it is concluded 

that this device is practical, f o r  long-term use, only when used in an ion 

getter pumped vacuum system. 

Thus, oil molecules were trapped on 

Electron emission from this source very gradually decreases over a period 

of time; therefore the time constant of response of an emission regulator 

associated with type of source Mould be relatively large. 

electrical connection or continuity between the ultraviolet radiation emerging 

from the hydrogen arc lamp to the photocathode, this particular closed-loop, 

feedback-control system is simplified considerably as to its electronic aspects. 

One approach to emission control would involve variation in the ultraviolet 

Since there is no 

radiation intensity impinging on the photocathode so as to cause the number 
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of e l ec t rons  leaving the  mul t ip l ie r  t o  remain constant.  A conventional servo- 

motor dr ive ,  control led by a X signal  from the  ion iz ing  e lec t ron  catcher ,  

could be used t o  cont ro l  the current flowing through the  hydrogen arc-lamp 

by means of an autotransformer or rheos ta t .  O r  an ad jus tab le  i r is  could be 

placed between the lamp and the  sapphire window. A servo-motor mechanism t o  

a d j u s t  the diameter of th i s  i r i s  could vary t h e  i n t e n s i t y  of the  u l t r a v i o l e t  

r ad ia t ion  over a wide range of values, while a t  t h e  same time, the  lamp cur ren t  

could be adjusted t o  a poin t  a t  which the  hydrogen lamp vould present  a s t a b l e  

mode of operation. 

Another approach t o  emission regula t ion  cont ro l  involves varyin2 the 

m u l t i p l i e r  dynode vol tage.  

can be a l t e r e d  to some exten t  without a f f e c t i n g  the e l ec t ron  energy 

d i s t r i b u t i o n .  Further study is indicated,  hovever, p r i o r  t o  de t a i l ed  

considerat ion of t h i s  method of regulation. 

I n i t i a l  r e s u l t s  i nd ica t e  t h a t  t he  dynode vol tage 

These mul t ip l i e r s  were i n i t i a l l y  evaluated as ion  gauges t o  t es t  their  

f e a s i b i l i t y  as mass spectrometric sources. 

l i n e a r  ion-current-pressure re la t ionship  t o  a t  least 1 x 

have a s e n s i t i v i t y  s l i g h t l y  grea te r  than that of the RCA 1949 o r  Bayard- 

Alpert  t r i ode  ionizat ion gauges. Typical pressure-ion cur ren t  curves f o r  t h e  

m u l t i p l i e r  ion gauge are shovn i n  Figure 4. 

They were found t o  possess a 

torr ,  and t o  

Electron energy d i s t r i b u t i o n  s tud ie s  conducted using the  mul t ip l i e r  ion 

gauges showed t h a t  the r e l a t i v e  energy d i s t r i b u t i o n  of the  output  e l ec t rons  

d id  not  change v i t h  va r i a t ion  of r iu l t i p l i e r  gain.  

e lec t ron  energy d i s t r i b u t i o n  curve is shovn i n  Figure 5. 

e lec t ron  energy d i s t r i b u t i o n  does not change i s  extremely important. 

A t yp ica l  mu l t ip l i e r  output  

The f a c t  that t h e  

A mass 
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spectrometric source must possess this characteristic. This requirement is 

necessary because a mass spectromzter depends upon its ion source to form 

ions in a constant manner. 

not an absolute necessity for mass spectrometric use. 

energy distribution varies, hovever, the manner in which the ions are formed, 

i-e., the cracking pattern will vary. 

time, analysis attempts are futile. 

It is to be noted that monoenergetic electrons are 

If the electron 

If the cracking pattern varies with 

A multiplier, utilizing commercially prepared dynodes, vas found to 

have inadequate electron current output for mass spectrometric applications. 

& A L L  U J ’ L V Y L U  , mkh A - m n A o r  e1101 ,,n+n.4 --A nnvnnemod - 4  Ch aTmnA0.. hvona7-ni) 
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were found to be operationally inferior to our dynodes, both in electron current 

capability and lifetime. 

constant output electron energy distribution an2 linear pressure-ion current 

relationships, vas installed as a cold electron bombardment ion source3. 

mass spectrometer chosen for evaluation of the cold source vas a three-stage 

RF mass spectrometer. 

The resistance-strip multiplier, having demonstrated 

The 

The RF inass spectrometer, as an analytical instrument, was first developed 

by Bennett’. 

to provide a rugged and reliable RF mass spectrometer. 

diagram of the cold source assembly is sho1.m in Figure 6. 

which are emitted in an almost unidirectional path from the multiplier, are 

directed into the ionizing region of the spectrometer by a difference 

potential of +lo0 volts (this is the Fonizing potential). 

is maintained at ground potential ~rhilc the dynode exit potential is at -100 

volts. 

Improvement on the original design has been made by Testerman’’‘ 

An operational 

The electrons, 

The ionizing region 

The ions thus formed by the electron bombardment of neutral gas 
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moiecuies are a t t r a c t e d  intcj the analyzer by t he  f irst  pul l ing  o ~ t  grir’ of the 

analyzer ,  which i s  maintained a t  -35 vo l t s .  

ion iza t ion  regiorl and the  arlalyzer a r e  qu i t e  large; the  g r i d  mesh covering 

t h e  apertures affording a transparency of over 95 percent.  

s l i t s  i n  t h i s  ion source t h a t  rrould decrease the  e l ec t ron  cur ren t  from the  

source. 

providing r e l a t i v e l y  l a rge  ion currents  when compared t o  o ther  source 

configurations.  

maximum use of the e lec t rons  emit ted from the mul t ip l i e r .  

The g r id  aper tures  used f o r  the  

There are no 

The ion iza t ion  e f f ic iency  of the source i s  therefore  qu i t e  high, 

Thus, t he  mul t ip l ie r  source, mounted i n  th i s  manner, a f fo rds  

The mass spectrometer was operated using t h i s  ion iza t ion  source. 

for a i r  a t  1 x lo-’ t o r r  were run and peaks produced by the  c h a r a c t e r i s t i c  

fragmentation of the  molecular species irere obtained. These spec t ra  were 

similiar t o  those obtained from a conventional thermionic emitter with 

important exceptions, as noted below. 

source eliminated severa l  of the problems normally encountered when using a 

thermionic emitter. 

Spectra 

The use of  the  mul t ip l i e r  cold e lec t ron  

The r a t i o  of t he  28 peak t o  the j 2  peak was l e s s  than that obtained from 

t h e  previous runs using a rhenium f i lament  ion iza t ion  source. This indicated 

that the re  uas l i t t l e  o r  no ge t te r ing  of the  a i r  sample by the  mul t ip l ie r ;  

t h e  percentage of owgen i n  the  spectra  being higher than with spec t ra  obtained 

with a themion ic  emit ter .  

t he  mul t ip l i e r  was used f o r  pro6ucing ion iz ing  e lec t rons .  Eince the mul t ip l i e r  

source operated a t  a tzmperature only s l i g h t l y  above r o m  tenperature  the re  

would be no contr ibut ion t o  the  inass 28 peak caused by carbon monoxide 

production a t  the source. Subst i tut ion of t he  mul t ip l i e r  source f o r  the  hot  

No ser ious outgassing e f f e c t s  were observed when 
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filament de initely e iminated the possibi ity of reaction by the components 

of the gas to be analyzed; thermal-cracking of the molecules in the sample; 

temperature variations in the ion cource; and accumulated deposits in the 

I ~ S S  spectrometer due to evaporated metal or metal oxides from the filament 

and reaction products. These accumulated deposits can cause delay in the 

pump-down recovery time of the system, contribute to the mass spectra causing 

possible erroneous results, and if insulating, cause spurious potentials on 

control surfaces. 

Initiallj, prior to installation of the defhction plate shown in Figure 6, 

the electrms exiti~g from_ t h e  ~ l l l t i p l i e r  w e r e  deflected.  hy the magnetic field 

of the multiplier. Because of this deflection the? electrons were not entering 

the ionization region and no ions were formed. 

plate corrected this situation by effectively negating the magnetic field 

effect on the electrons until the electrons had moved past the end of the plate. 

The magnetic field intensity varied exponentially with distance from the end 

of the multiplier. 

corresponding to the end. of the deflection plate 1:as about 6 cm. 

just exiting from the multiplier, without the deflection plate, vould 

experience a deflection corresponding to a radius of less than 0.2 cm. The 

addition of the deflection plate allowed generation of about one nanoampere 

of total ion current at 1 x lo-' torr using the multiplier ion source. 

Addition of the deflection 

The radius of curvature for electrons at a distance 

Electrons 

In conclusion, the resistance strip magnetic multiplier can be used as 

a cold source of electrons in a mass spectrometer. It is useful, however, only 

when a deflection plate is einployed to ''carry" the electrons out of the influence 

of the multiplier magnetic field. 

The cold source of electrons described herein not only has application in 

the RF mss spectrometer; it also can be adapted to a time-of-flight or 
9 



a magnetic mass spectrometer.  

favorable  u t i l i z a t i o n  i n  any ion  generat ion process ~ rhe re  hot  thermionic 

emitters c rea t e  d i f f i c u l t i e s .  

Further,  t h i s  type of  e l ec t ron  source may f i n d  
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Figure 6. Multiplier Assembled as b%ss Fpectrometric X e c t r o n  
Bombardment Ion Source 


